Objectives: Hypertrophic and exudative synovitis of the knee is one of the earliest symptoms in rheumatic diseases. In the case of pharmacotherapy failure, other methods which directly remove the inflamed synovial membrane are used -synovectomies. Radiosynovectomy (RSV) is the radiopharmaceutical application of colloidal solution to joint cavities. In this study, the authors assessed the efficacy of knee radiosynovectomy with yttrium-90 (Y-90) in several groups of patients divided into certain rheumatic diseases. Material and methods: The study group consisted of 70 patients aged from 29 to 65 years with hypertrophic and exudative synovitis of the knee in rheumatic diseases such as rheumatoid arthritis, osteoarthrosis and spondyloarthropathies. Radiopharmaceutical colloid of Y-90, with a radiation dose of 185-222 MBq in a volume of 2-3 ml, was administered to joint. Then the knee joint was immobilized for 72 h. During visits V1, V2, V3 and V4, erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) were measured and ultrasound of the knee was performed. Disease activity was evaluated by the WOMAC scale, HAQ and 100-mm visual analog scale (VAS). Results: The most significant difference of synovial hypertrophy, before and after the procedure, was obtained in patients with rheumatoid arthritis. Variability of effusion before and after the procedure in all groups was comparable and statistically significant. The greatest improvement in variability of inflammatory parameters, before and 4 weeks after radiosynovectomy, was observed in patients with rheumatoid arthritis. Conclusions: In the therapeutic algorithm radiosynovectomy should be located between conservative treatment and operative procedures. Radiosynovectomy does not require hospitalization or prolonged rehabilitation. Radiosynoviorthesis affects the patient's general condition, which is associated with eliminating pain and restoring joint function.
Introduction
Hypertrophic and exudative synovitis of the knee is one of the earliest symptoms in rheumatic diseases. In the case of pharmacotherapy failure, other methods which directly remove the inflamed synovial membrane are used -"synovectomies" (from Greek: synovium -synovial membrane, ectomia -ectomy or cutting). There are chemical, radioisotope and surgical synovectomies. Surgical synovectomy is the surgical removal of inflammatory synovium during arthroscopy or open surgery synovectomy. In chemical and radioisotope synovectomy, for the knee joint cavity an appropriate substance is given, such as Aethoxysklerol in chemical synovectomy or radionuclide colloidal solution of radiopharmaceutical yttrium-90 (Y-90) in radiosynovectomy (RSV) [1, 2] .
For the first time, radionuclide synovectomy (radiosynovectomy) was performed in 1952 by the Austrian physician Karl Fehlinger. He applied a colloidal solution of gold radioisotope to the knee joints in patients with rheumatoid arthritis (RA). In 1968 Delbarre introduced the term radiosynoviorthesis (RS), which comes from the Greek word ortesis and means the reconstruction of the synovial membrane by radionuclides [3] .
In Poland, for the first time in 1969, Irena Fiedorowicz-Fabrycy conducted radiosynoviorthesis using a radioisotope of radioactive phosphorus (P-32) in 136 knee joints: a group of 112 patients with RA, ankylosing spondylitis, psoriatic arthritis and juvenile idiopathic arthritis [4] .
Radiosynovectomy is the radiopharmaceutical application of colloidal solution to the cavity joint. Radiopharmaceutical is composed of radioisotope and a ligand [5] . The most commonly used radioisotopes are Y-90, rhenium-186, erbium-169, and phosphorus-32. They are associated with ligands such as citrate and silicate (sulfide, ferric hydroxide). Radioisotopes emit b radiation. b particles are phagocytosed by macrophages, and the processes of sclerosis and fibrosis in the synovial membrane are present. In radiosynovectomy ionizing radiation is used, and the procedure requires specific conditions which include isotope laboratory. Extremely important is the size of the radioisotope particle, the range of radiation and half-life period of the radioisotope, as these factors affect the choice of type of joint to which radioisotope is administered [6] .
The aim of the study was to assess the clinical efficacy of Y-90 radiosynovectomy in hypertrophic and exudative knee synovitis in patients with rheumatic diseases: rheumatoid arthritis, osteoarthrosis and peripheral spondyloarthropathies (psoriatic arthritis and ankylosing spondylitis).
Material and methods

Study group
The study group comprised 70 patients aged from 29 to 65 years (51 women and 19 men) with hypertrophic and exudative synovitis of the knee in confirmed inflammatory and non-inflammatory rheumatic diseases such as RA (34 patients), peripheral spondyloarthropathies (SpA) (17 patients -7 patients with psoriatic arthritis and 10 patients with ankylosing spondylitis) and osteoarthrosis (OA) (19 patients). A radiopharmaceutical colloid of Y-90, with a radiation dose of 185-222 MBq in a volume of 2-3 ml, was administered to the joint, after the puncture with fluid removal. Then the knee joint was immobilized for 72 h.
The study was approved by an ethics committee and patient informed consent was obtained. The patients were observed in the Rheumatology Outpatient Clinic of Jan Biziel University Hospital in Bydgoszcz in 2009-2012. The most important inclusion criteria were: hypertrophic and exudative knee synovitis (diagnosed in ultrasound examination of knee) with duration of symptoms at least 6 months, despite pharmacotherapy with DMARDs and NSAIDs with duration of pharmacotherapy at least 6 months (there was no change in pharmacotherapy during the study), and therapeutic failure after 2 knee injections of glucocorticosteroids.
Clinical study visits
During visit 1 (V1), for each patient the concentrations of acute phase indicators (such as ESR and CRP) were determined, and ultrasound of the knee was performed, with measurement of the thickness of the synovial membrane, quantity of synovial fluid in the suprapatellar recess and synovial vascular flow in power color Doppler (PD). Disease activity was also evaluated by the HAQ (Health Assessment Questionnaire) and WOMAC knee (Western Ontario and McMaster Universities Osteoarthritis Index) scale. Disease activity was also assessed by the patient and physician using a 100-mm visual analog scale (VAS). Assessment of the patient's pain intensity using a numerical 10-grade scale for 7 consecutive days prior to the procedure was performed (the patient's diary) (Fig. 1) .
During subsequent visits V2 (1 month after RSV), V3 (3 months after RSV) and V4 (6 months after RSV) measurement of concentrations of acute phase indicators (ESR and CRP), USG of the knee, WOMAC and HAQ scales, the assessment of disease activity by VAS evaluation of disease activity by patient and physician, and intensity of pain for 7 consecutive days after removing the immobilizer were done.
Statistical analysis
Statistical analysis was performed using the Statistica software (StatSoft, Oklahoma, USA). Where necessary, the arithmetic mean (M) and standard deviation (SD) were used to describe intervariability within quantitated parameters. Statistical significance between data groups was determined by analysis of variance (ANOVA) and Student's t test. The Wilcoxon nonparametric test was used to assess statistical significance in data groups which were shown to deviate significantly from a normal Gaussian distribution. Quantitative parameters were analyzed using the c 2 test. In all cases, statistical significance was designated with a p-value < 0.05.
Results
The reduction in synovial hypertrophy before RSV and 1 month after RSV (comparing data between V1 and V2) was statistically significant in all 3 groups of patients. The most significant difference of synovial hypertrophy, seen in ultrasonography, before and after the procedure, was obtained in patients with rheumatoid arthritis. Variability of effusion before and after the procedure in ultrasound imaging in all groups was comparable and statistically significant. The greatest improvement in variability of inflammatory parameters before and 1 month after radiosynovectomy was observed in patients with rheumatoid arthritis. The results in the effusion measurements, the average reduction in effusion before and after the RSV, were statistically significant in each group of patient. The results between the groups were statistically comparable.
The results of these measurements are shown in Table I . In the WOMAC scale statistically significant variation for all parameters, such as pain intensity (Table II) , stiffness (Table III) and difficulty in performing daily activities (Table IV) , was obtained only in patients with RA.
The greatest variability in difficulty in climbing stairs was observed in patients with osteoarthrosis, and in descending the stairs in patients with RA. In a standing position, statistical variation was significant and comparable in all groups. The WOMAC scale of the daily activities of patients did not achieve statistically significant variability in either group of patients.
We observed that in patients with OA the reduction of pain intensity was statistically significant in four out of five categories (Table II) . However, patients with spondyloarthropathies presented statistically signifficant improvement in pain intensity only in one of the five categories (Table II) . As shown in Table III, we Scheme: V1 -screening visit V2 -control visit -1 month after procedure V3 -control visit -3 months after procedure V4 -control visit -6 months after procedure RSV -radioisotope administration D1 -diary -pain intensity -7 consecutive days prior to procedure D2 -diary -pain intensity -7 consecutive days after procedure D3 -diary -pain intensity -7 consecutive days prior to control visit observed the statistically significant reduction in knee stiffness, in both categories, only in patients with rheumatoid arthritis.
In patients with RA a gradual reduction of pain intensity in all weekly assessments of pain intensity (VAS pain) was observed, whereas in patients with osteoarthrosis and spondyloarthropathies only I and III of the reference week was noticed. The results are shown in Table V .
Variability in the assessment of the health questionnaire (HAQ) was not statistically significant, but the greatest improvement was observed in patients with rheumatoid arthritis. Based on the results of tests and measurements, radiosynovectomy was effective in all patient groups, with statistically significant values (p < 0.005), but the greatest statistical variability was observed in patients with RA, suggesting the best therapeutic effect for these patients. 
Discussion
In this publication, the authors decided to assess the efficacy of knee radiosynovectomy with yttrium-90 in several groups of patients divided into certain rheumatic diseases. We evaluated the efficacy of the procedure, using laboratory tests for measurement of inflammatory parameters (among others ESR and CRP) and ultrasound for assessment of inflammatory fluid quantity and inflammatory synovial hypertrophy. We evaluated the VAS scale of disease activity by a physician and patient and we also assessed weekly evaluation of pain intensity scored in the 10-point numerical scale, general assessment of patient's health status by HAQ questionnaire and evaluation of pain and stiffness of the knee while performing certain activities by WOMAC.
In our results we found beneficial effects of RSV treatment in the quantity of inflammatory fluid of the knee. However, some authors disagree with this statement. Miszczyk et al. conducted RSV of the knee with Y-90 in a group of patients with rheumatoid arthritis (5 patients), pigmented villonodular synovitis (3), psoriatic arthritis (PsA) (3) and ulcerative colitis (2) . In a study published in 2007, they did not make a clear assessment of the effectiveness of RSV. The authors mentioned the very small size of the patient group. However, they observed a decline in the number of punctures of the knee during subsequent control visits. However, no satisfactory results were obtained in the assessment of joint motion and circumference at subsequent visits after 2, 4, 12 weeks, and 6 and 12 months. In a paper published two years later in a group of 81 patients, the authors found that RSV did not have a significant impact on joint mobility and volume of inflammatory fluid, evaluated at the last visit, compared to the volume of fluid evaluated at the initial visit. The authors also did not obtain a significant improvement in evaluation of the circumference of the knee. However, they obtained a decrease of pain in 43.5% two weeks after treatment and a 20% decrease at the last visit. They also noted an increase of percentage in the group with complete resolution of pain from 8.5% 2 weeks after treatment to 60% one year after treatment and a decrease of inflammatory fluid evacuated from the joint during subsequent punctures [7, 8] .
Inefficiency of RSV was also reported by Jahangier et al., who conducted a study comparing the effectiveness of intraarticular injection of Y-90, including preparations of steroids, to glucocorticoid injections. The authors did not obtain a statistically significant difference in the effectiveness of the two methods and found that RSV should not be the method of first choice in treating hypertrophic synovitis of the knee [9] . O'Duffy et al. also shared this point of view. They conducted a double-blind study which showed no advantage of knee RSV using samarium-153 in comparison to glucocorticoid injections [10] . The above-mentioned study conducted by Jahangier et al. has been undermined by Kampen et al. [6] , who claimed that it cannot refute the effectiveness of RS. They pointed to the lack of homogeneity of the study group in duration of synovitis joints and failure to fulfill one of the most important criteria -the lack of effectiveness of intraarticular injection of glucocorticoid twice. However, Roch-Bras et al. [11] described the improvement in pain, mobility and quantity of joint effusions in 70.7% after RSV. Fischer and Modder [12] assessed the proportion of patients with 60-80%, and Jahangier et al. [9] and Kampen et al. [6] , respectively, 34% and 75%.
Positive results of early follow-up at 6 months after radioisotope administration of P-32 were also obtained by Fiedorowicz-Fabrycy. She observed an excellent outcome -complete resolution of effusion and pain -in 71.7% of treated knee joints. The best results were seen in patients with PsA, ankylosing spondylitis and in patients with RA of second stage in the Steinbrocker classification [4] .
Also Chrapko et al. [13] in their results confirmed the beneficial effect of RSV using yttrium-90. At 24 weeks after RSV was performed, effusion was noted in only 9.4% of patients with RA. The authors also observed a significant decrease in rates of acute phase protein (CRP) at 4 and 24 weeks after the procedure was done. In our study group we observed the best results in patients with RA. Positive results for reducing levels of acute phase indicators ESR and CRP were obtained by Boerbooms et al., who studied two groups of patients with RA -with minimal radiological changes and with significant changes in the X-ray image. They concluded that better results for the reduction of ESR were obtained in patients in early stages of the disease. The authors also stated that better results were achieved in patients in the early stages of the disease, one year after RSV. The efficacy in this group was 58%, compared with 25% in a group of patients during advanced disease [14] .
The results we obtained in the study group patients correlate with the meta-analysis conducted by Kresnik et al. [14] , who found that in a group of 1417 knee joints treated with Y-90, the best efficacy was found in patients with rheumatoid arthritis and early stage of the Steinbrocker classification.
Conclusions
In the therapeutic algorithm the radiosynovectomy procedure should be located between conservative treatment and operative procedures. The greatest advantage of this method is not excluding the eventuality of surgery at a later time. Radiosynovectomy does not require hospitalization and prolonged rehabilitation. The duration of treatment is short, and it can be repeated many times. It should be stressed that radiosynovectomy can be performed in elderly patients in whom the operative risk is very high.
The method is especially useful in the group of patients with early RA, while the late stage of the disease, with significant hypertrophy of the synovial membrane, is an indication for surgical synovectomy [2] . By including questionnaires, e.g. quality of life of the patient, we intended to emphasize that RSV may affect the patient's general condition, which is associated with eliminating pain and restoring joint function. The parameters of laboratory tests performed before and after the procedure indicate that the above-mentioned statement is essential. At this moment, we have presented our preliminary reports of the first part of obtained results, and the others are in preparation.
The authors declare no conflict of interest.
